Background: Endotracheal suctioning is associated with complications that include bleeding, infection, hypoxemia, cardiovascular instability, and tracheal mucosal injury. Recently, a closed-suction catheter with a pressure valve (Acetrachcare, AceMedical Co., Republic of Korea) was developed. We hypothesized that this new catheter might reduce tracheal mucosal injury compared to a conventional closed-suction catheter (Trachcare, Kimberly-balla RD, USA). Methods: This prospective, randomized study enrolled medical and surgical patients who required mechanical ventilation for more than 48 hours. Patients were randomized into two groups: one group was suctioned with the conventional closed-suction catheter (CCC) and the other group was suctioned with the closed-suction catheter with pressure valve (CCPV). Bronchoscopy was performed 48 hours later, and the severity of tracheal mucosal injury was graded on a 5-point scale, as follows: 0 = normal; 1 = erythema or edema; 2 = erosion; 3 = hemorrhage; and 4 = ulceration or necrosis. Results: A total of 76 patients (37 with CCPV and 39 with CCC) were included. There were no significant differences between the groups regarding demographic characteristics, changes in hemodynamic parameters during suction, incidence of pneumonia, length of intensive care unit (ICU) stay, or ICU mortality. On bronchoscopic evaluation, the use of the CCPV led to a significant decrease in tracheal mucosal injury (median tracheal mucosal injury grade 1 [IQR 0-1] vs. 2 [IQR 1-3], p = 0.001).
INTRODUCTION
Endotracheal suctioning is an essential procedure for the management of intubated patients to prevent airway obstruction and atelectasis. Although open tracheal suction is commonly used in intubated patients, this procedure may increase the risk of developing atelectasis and hypoxia because oxygen and positive end-expiratory pressure are discontinued during suctioning. [1] [2] [3] [4] Moreover, open suction can cause cardiovascular complications such as arrhythmia and hypotension by stimulating the vagus nerve. [2] [3] [4] [5] Infection, increased intracranial pressure and tracheal mucosal damage can also result from open suctioning. [2] [3] [4] [5] Therefore, closed tracheal suctioning emerged as a safer option as it does not require the removal of mechanical ventilation during suctioning. Closed suctioning, backed by continuous supply of oxygen and positive end-expiratory pressure, is said to provide physiological stability and reduce the risk of nosocomial infection by keeping ventilator circuit closed. [6] [7] [8] [9] [10] [11] [12] However, its efficacy in preventing infections is still debated. [13, 14] Newly developed closed-suction catheter (AceTrachcare, AceMedical Co., Republic of Korea) has dial-type pressure valve, located on the suction port, enables physicians to vary the level of suction pressure depending on the amount of secretions ( Fig. 1) , making it more effective in reducing tracheal mucosal A B injury, compared to conventional closed-suction catheters. This study aimed to compare tracheal mucosal injuries from this new suction catheter (AceTrachcare) and one of the most commonly used closed-suction catheters (Trachcare, Kimberly-balla RD, USA). We also compared the efficacy of these two closed-suction systems on hypoxia, hemodynamic factors, infection, intensive care unit (ICU) length of stay and ICU mortality. and then suctioned gently for no more than 15 seconds. The pressure of wall suction was set at 100 mmHg for both the experimental and control groups. However, in the experimental group, suction pressure was adjusted by an intensivist using the pressure valve. Suction pressure was adjusted with three levels, depending on the amount of secretions: Low, medium and high.
MATERIALS AND METHODS
Suction catheters were cleaned after each suctioning using normal saline and replaced every 48 hours.
Pressure-controlled ventilation was performed with low tidal volume of 6 ml per kilogram of predicted body weight as part of lung protective strategy, and adjusted based on arterial blood gas (ABG) results. All intensive cares were provided based on the practice guidelines for ICU patients under the supervision of intensivist.
To measure the damage of tracheal mucosa, bronchoscopy was performed 48 hours after catheter application, and the degrees of tracheal mucosal damage were divided into five levels We also monitored changes in heart rate, hemodynamics status such as mean arterial pressure and new onset of arrhythmia, color and amount of secretions and the number of suctioning between the baseline and 48 hours after catheter application.
Hypoxia was observed using pulse oximetry during suctioning, and the partial pressures of oxygen and carbon dioxide were A B Data is presented as number (%) or mean ± SD. The total number of suctioning performed for 48 hours was not significantly different between the two groups ( Changes in hemodynamics from the baseline (24 hours before catheter application) and 48 hours after catheter application were used to identify physiological stability during suctioning. 3 patients in the experimental group and 1 in the control group showed increased heart rate of more than 20% after catheter application. Arrhythmia was detected in 8 and 9 patients, respectively, in the experimental and control groups during suctioning, but all patients already had history of arrhythmia before catheter application. There was no significant difference in maximum heart rate and mean arterial pressure between the two groups during suctioning. In summary, there were no suctioning-induced hemodynamic complications apart from arrhythmia (Table 2) .
When monitored with pulse oximetry during suctioning, a significant decrease (more than 20%) in oxygen saturation did not occur in both groups. And ABG test performed immediately after catheter application showed that no patient demonstrated either more than 20% decrease in partial pressure of oxygen or more than 20% increase in partial pressure of carbon dioxide compared to previous test. Patients were stable without exhibiting hypoxia during suctioning ( Table 2) .
ICU outcomes were also evaluated in terms of nosocomial infection, ICU length of stay and ICU mortality. To evaluate nosocomial infection in an indirect manner, sputum and blood culture results were analyzed. Patients with positive sputum culture were 22 and 23, respectively, in the experimental and control groups, while patients with positive blood culture results were 4 and 2, respectively, in the two groups. The mean ICU length of stay was 17.1 days and 21.6 days in the experimental and control groups, and ICU mortality cases were 12 in each group.
Therefore, there were no significant differences between the two groups with respect to ICU outcomes (Table 3 ).
DISCUSSION
The purpose of this study was to evaluate the efficacy of newly developed closed suction catheter containing a pressure valve. Newly developed closed-suction catheter demonstrated better outcomes in tracheal mucosal injury without increasing complications due to its pressure valve, which allows adjustment of pressure according to the amount of secretion. The mucosal damage can be caused by either mechanical trauma of catheter or negative pressure applied during suctioning. In this study, less tracheal mucosal damage is likely attributable to controlled negative pressure rather than mechanical factors. Since wall suction pressure was set to the same level for both groups during suctioning, the efficacy of pressure valve is evident in this study. Clinical practice guidelines for endotracheal suctioning recommends to minimize suction pressure for the removal of secretion and to keep suction pressure of less than 150 mmHg for adult patients. [4, 16] However mid-level pressure is commonly applied when suctioning in real practices. New catheter used in this study led to less damage to tracheal mucosa as it contains a dial-type pressure valve for easy pressure control. Suctioning-induced damage to tracheal mucosa was evaluated using bronchoscopy 48 hours after catheter application.
The images of tracheal mucosa were reviewed by two intensivists to increase interrater reliability. To determine the degree of damage, we modified a Damage index developed in a previous study of catheter [15] and classified the damage into five levels based on severity. Thus analysis results became more specific, compared to a previous study investigating the presence or absence of tracheal mucosal damage. [20] Injuries to the tracheal mucosa can be caused by a variety of factors during suctioning, including suctioning method, suction frequency and pressure, catheter size and catheter insertion depth. Participants were randomly assigned to the experimental and control groups to minimize effects of other variables than suction pressure.
Nonetheless, variables could not be completely controlled when suctioning was performed by many nurses. That is one of the limitations of this study.
This study demonstrated that the experimental catheter containing a pressure valve was more effective at reducing damage to the tracheal mucosa than one of conventional closed-suction catheters. This new catheter can be safely and effectively used for intubated patients in ICU. Its application will also prove useful in patients with a high risk of tracheal mucosal damage due to various reasons such as bleeding.
